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Dentin hypersensitivity is a common clinical problem in
dental practice. It is characterized by brief, sharp pain that
occurs in response to stimuli such as thermal changes or
chemical (osmotic) and tactile stimuli [1]. Dentin
hypersensitivity has long been a troublesome symptom
afflicting many patients; the prevalence in the 20- to 40-year
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The purpose of the present study was to evaluate the combined occluding effects of fluoride-containing
dentin desensitizer and neodymium:yttrium aluminum garnet (Nd-YAG) laser irradiation on human
dentinal tubules. All six of the groups of dentin samples (A–F) included in this study received applications
of fluoride-containing dentin desensitizer. Groups B, D, and F also received Nd-YAG laser irradiation.
Groups A and B served as controls, to allow observations of the occluding effects on the dentinal tubules
before and after Nd-YAG laser irradiation. Groups C and D were treated with 0.5 M vitamin C solution,
whereas groups E and F underwent brushing with an electric toothbrush. Scanning electron microscopy
(SEM) revealed that the fluoridated dentinal tubule-occluding agent (FDTOA) formed a fine crystalline
deposit on the dentin surface. After soaking in 0.5 M vitamin C solution for 3 hours, the crystalline deposit
of the FDTOA was completely dissolved. Furthermore, brushing of the teeth 3,600 times removed most
of the occluding agent. When the application of FDTOA was combined with Nd-YAG laser irradiation, the
dentin melted and then recrystallized. The occluding agent was thus ‘burned into’ the dentinal tubules,
and could neither be dissolved by vitamin C solution nor removed by brushing. Therefore, we concluded
that the FDTOA combined with Nd-YAG laser irradiation burns the occluding agent into the dentinal
tubules, thereby resisting the effects of an acidic diet and brushing, and increasing the duration of the
desensitizing effect.
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age group is higher, with reported percentages of
33.3–34.9% [2]. The agents most frequently used for the
treatment of dentin hypersensitivity can be classified as
follows: protein precipitants [3], tubule-occluding agents
[4–7], tubule sealants [8], and laser [9–15]. Of the various
methods used in treating dentin hypersensitivity, the
production of fluoride-containing dentin desensitizer with
calcium phosphate precipitation to occlude the dentinal
tubules has proven the most physiologically compatible [7],
because the occlusive material is apatitic mineral — the
main constituent of teeth. However, because the primary
mechanism still relies on mechanical occlusion without
© 2006 Elsevier. All rights reserved.
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fusing with the dentinal tubules, the material cannot resist
the stresses of the external environment and time. More
effective methods in the treatment of dentin hypersensitivity
should be sought. Lan et al observed that most dentinal
tubule orifices were occluded after combined treatment of
neodymium:yttrium aluminum garnet (Nd-YAG) laser with
sodium fluoride varnish (Duraphat, Woelm Pharma GmbH
Eschwege, Köln, Germany) [13]. Similar observations were
made by Kumar and Mehta [15]. To our knowledge, it is still
unknown whether the combined use of fluoride-containing
dentin desensitizer application and Nd-YAG laser enhances
treatment effectiveness more than that of the desensitizer
alone. The purpose of the present study was to evaluate the
combined occluding effects of fluoride-containing dentin
desensitizer and Nd-YAG laser irradiation on human
dentinal tubules.
MATERIALS AND METHODS
Dentin disks were sectioned and prepared from the coronal
portion of extracted third molars [16]. Before preparation,
soft tissue and debris were removed using a scaler and an
ultrasonic scaling instrument. The teeth were stored in
normal saline solution at 4°C for less than 1 month. Dentin
disks were sliced with a diamond disk to a thickness of
1–1.5 mm. The smear layers created by the diamond disk
were removed by dipping the dentin disk in 0.5 M
ethylenediaminetetraacetic acid for 1 minute, followed by
water rinsing for 1 minute.
The fluoridated dentinal tubule-occluding agents
(FDTOAs) were solution A, consisting of 10% CaCl2 and
30% polyethylene glycol, and solution B, consisting of 5%
Na2HPO4 and 0.3% NaF [7]. The formula for the reaction is
as follows:
Na 2HPO 4 + CaCl2 + NaF A  Ca 3(PO 4) 2uCaF 2 +
CaHPO4u2H2O + NaCl
A total of 60 dentin disk samples were coated with solution
A for 10 seconds, followed immediately by solution B for
another 10 seconds. This process was repeated twice, after
which the disks were randomly divided into six groups
(A–F). Groups A and B each contained 5 samples, groups
C and D each contained 15 samples, and groups E and F
each contained 10 samples. Groups B, D, and F were
irradiated with an Nd-YAG laser (Laser 35) instrument.
Groups A and B served as controls to allow observation of
the occluding condition of the dentinal tubules before and
after Nd-YAG laser irradiation. The samples of groups C
and D were subdivided into three groups that were treated
with 0.5 M vitamin C solution at pH 3.5 for 1, 2, and 3
hours, respectively. The samples of groups E and F were
subdivided into two groups and were brushed separately
1,200 and 3,600 times, respectively, using an electric
toothbrush (Figure 1).
Figure 1. Six groups (A–F) of
samples were included in this
study. All samples were treated
with fluoridated dentinal
tubu l e - occ lud ing  agent
(FDTOA). Groups B, D, and F
were also treated with Nd-YAG
laser irradiation. Groups A and
B were the controls. Groups C
and D were treated with
vitamin C solution for 1, 2,
and 3 hours, respectively.
Groups E and F were brushed
separately 1,200 and 3,600
t imes  us ing an e lectr ic
toothbrush. All of the samples
were examined by SEM.
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A Nd-YAG laser providing a constant beam of coherent,
continuous monochromatic light with an emission
wavelength of 1,062 nm was used in this study. After
coating the dentin disks with FDTOA, they were irradiated
by Nd-YAG laser, with the beam directed parallel to the
dentinal tubules and perpendicular to the dentin surface, at
an energy of 33 mJ, with 50 pulses/s for 2 minutes on the
5 × 10 mm2 dentin surface. The laser was applied by light
contact on the exposed dentin area.
All specimens were washed with deionized water and
gently blown dry with oil-free air, then kept in a 37°C dry
box for 3 days. All specimens were mounted on aluminum
stubs and then sputter-coated with approximately 20 nm of
gold. The gold-sputtered specimen was then placed in the
vacuum chamber of a scanning electron microscope, and
the surface characteristics and dentinal tubular occlusion
versus patency were evaluated at 1,500× magnification. The
photomicrographs for each test specimen were evaluated
for their surface characteristics and the occlusion versus
patency of dentinal tubules.
RESULTS
Scanning electron microscopy (SEM) observation revealed
that the FDTOA formed a fine crystalline deposit on the
dentin surface (Figure 2), at a depth of 1.5–2.5 μm. After
soaking in 0.5 M vitamin C solution for 1–2 hours, the
crystalline deposit of FDTOA was partially dissolved. After
soaking in vitamin C solution for 3 hours, the crystal
deposition was completely dissolved (Figure 3). Brushing
1,200 times with an electric toothbrush left the occluding
agent only partially worn away, but brushing 3,600 times
removed most of the occluding agent (Figure 4). When the
FDTOA was applied together with Nd-YAG laser
irradiation, the dentin melted and recrystallized to a depth
of approximately 2.5–4 μm (Figure 5). The occluding agent
was burned into the dentinal tubules and could not be
dissolved by vitamin C solution (Figure 6) or removed by
brushing (Figure 7).
DISCUSSION
Dentin hypersensitivity results when a stimulus applied to
the dentin causes movement of fluid in the dentinal tubules,
which then stimulates nervous processes in the more pulpal
areas of the dentin and/or the nerves in the pulp itself,
producing a pain impulse transmission [17,18].
Criteria for an ideal desensitizing agent were identified
in 1934 [19], including the following: does not irritate or
endanger the pulp, is relatively painless, is easily and
rapidly applied, is permanently effective, and does not
discolor the teeth.
The FDTOA used in treating dentin hypersensitivity
results in immediate relief from dentin hypersensitivity.
However, the agent used to block the dentinal tubules was
incapable of binding to the walls of dentinal tubules and
thus was kept in place only by mechanical means; therefore,
the agent could be dissolved by vitamin C solution or worn
away by the action of an electric toothbrush and may
eventually become ineffective [20]. Thus the stability of the
FDTOA is not definitive and its long-term effectiveness
may decrease with time.
Figure 2. Group A: All of the dentinal tubule orifices are occluded by
the crystalline deposit of FDTOA (arrow) (original magnification
×1,500).
Figure 3. Group C: After soaking in vitamin C solution for 3 hours, the
FDTOA has completely dissolved (cross section, original magnification
×1,500).
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Gelskey et al used an Nd-YAG laser combined with a
He-Ne laser to reduce dentin hypersensitivity to air by 58%
and hypersensitivity to mechanical stimulation by 61%
[10]. Lan and Liu used an Nd-YAG laser to reduce dentin
hypersensitivity to air by 65% and hypersensitivity to
mechanical stimulation by 72% [11]. Unfortunately, the
cure rate for treating dentin hypersensitivity using Nd-
YAG laser is not very satisfactory.
In this study we found that the efficacy of the FDTOA
alone was relatively short-lived. The crystalline deposit of
FDTOA was dissolved completely after soaking in 0.5 M
vitamin C solution for 3 hours, or was worn away after
brushing 3,600 times with an electric toothbrush. After
application of the FDTOA combined with Nd-YAG laser
Figure 7. Group F: Most of the dentinal tubules are still occluded
even after brushing 3,600 times (cross section, original magnification
×1,500).
Figure 4. Group D: After brushing 3,600 times, most of the FDTOA has
been worn away (cross section, original magnification ×1,500).
Figure 5. Group B: The dentin surfaces were melted and recrystallized,
and all of the dentinal tubules are occluded after Nd-YAG laser irradiation
(arrow) (cross section, original magnification ×1,500).
Figure 6. Group D: Most of the dentinal tubules are still occluded
after being soaked in vitamin C solution (cross section, original
magnification ×1,500).
irradiation, however, the occluding agent is burned into the
dentinal tubules and becomes resistant to the harmful effects
of vitamin C solution and brushing with an electric
toothbrush. Similar observations were made by Lan et al
[13], who observed that most dentinal tubule orifices were
occluded after the combined treatment of Nd-YAG laser
with sodium fluoride varnish.
Two limitations should be pointed out from this study.
First, the number and the diameters of the dentinal tubules
were not quantified by using image software. Second, the
crystalline phases of the FDTOA before and after Nd-YAG
laser irradiation were not determined by X-ray diffraction
analysis. The shortcomings of this study should be rectified
in future studies.
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From the above results we have concluded that a FDTOA
could be combined with Nd-YAG laser irradiation in the
effective treatment of dentin hypersensitivity. However,
additional clinical studies are required using this method to
investigate the efficacy of treatment in dentin
hypersensitivity.
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